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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICANT: ARIBERT P. WOLFRAMM ET AL-1 (PCT) 

PCT No.: PCT/DE99/04066 FILED: DECEMBER 22, 1999 

TITLE : METHOD FOR INTERFEROMETRIC RADAR MEASUREMENT 

PRELIMINARY AMENDMENT 

BOX PCT 

Ass't. Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Preliminary to Examination, please amend the above - 
identified application as follows: 

IN THE SPECIFICATION : 

Page 1, after the title please insert: 

-- CROSS-REFERENCE TO RELATED APPLICATIONS : 

Applicants claim priority under 35 U.S.C. §119 of German 
Application No. 199 02 007.8 filed January 21, 1999. Applicants 
also claim priority under 35 U.S.C. §120 of PCT/DE99/04066 filed 
December 22, 1999. The international application under PCT 
article 21(2) was not published in English. 

IN THE CLAIMS 

Please amend claim 3 as follows: 



1 



3. (Amended) The method according to claim 1, 
characterized in that the antennas (Al, Al) and the center of the 
image on the graphics display screen are in a fixed relation to 
each other. 



By this Preliminary Amendment, the multiple dependency of 
claim 3 has been removed so as to avoid the surcharge associated 
therewith. No new matter has been introduced. Entry of this 
amendment is respectfully requested. 



HI COLLARD & ROE, P.C. 
fn 1077 Northern Boulevard 
JX Roslyn, New York 11576 
?! (516) 365-9802 
r * ERF/llv 

Enclosure: Exhibit A 

EXPRESS MAIL NO. EL 769 393 487 US 

Date of Deposit: July 20, 2001 

I hereby certify that this paper or fee is being deposited with the United 
States Postal Service "Express Mail Post Office to Addressee" service under 37 
CFR 1.10, on the date indicated above, and is addressed to the Assistant 
Commissioner for Patents, Washington, D.C. 20231. 



REMARKS 




Respectfully submitted, 
ARIBERT P. WOLFRAMM ET AL 
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EXHIBIT A 



VERSION WITH MARKINGS TO SHOW CHANGES MADE TO 

CLAIM 3 



3. (Amended) The method according to claim 1 [or 2], 
characterized in that the antennas (Al, Al) and the center of 
image on the graphics display screen are in a fixed relation 
each other. 
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METHOD FOR INTERFEROMETRIC RADAR MEASUREMENT 



The invention relates to a method for interf erometric radar 
measurements as defined in the introductory part of claim 1. 

Owing to their construction, radar devices are precise 
range -finding systems, which means that without special 
measures, a radar device is capable of determining only the 
distance of a target from the antenna, but not its 
direction. It is possible to determine only whether or not a 
target is present within the lobe of the antenna. 



conjunction with the ROSAR or Heli-Radar system known until 
now by using, for example 16 vertically staggered antennas 



with an antenna opening angle of, for example 2.5°. It is 
possible with such an system to determine the location of an 
elevated obstruction etc. within an accuracy of about 2.5° 



in terms of elevation. However, targets located at the same 
distance are also in this case displayed in the same antenna 
in the same image spot . 

The azimuthal resolution of the known Heli-Radar system 
amounts to about 0.2° because of a special signal 
processing. Reference is made in this connection to the 
disclosure in DE 39 22 086 CI. However, the direction of an 
obstruction and thus the location in space at which such 
obstruction is located can be determined only with the help 



Said problem is eliminated to a large extent in 
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of a triangulation, whereby two locally separated radar 
installations can be employed for said purpose in the 
simplest case. 

However, it is possible also to make use of the 
properties of a coherent radar system and to carry out a 
type of triangulation with the help of the phase of the 
emitted signal. For this purpose, a coherent radar system is 
employed which coherently transmits a signal via a 
transmitting antenna and receives the echoes scattered back 
via two locally separated receiving antennas. A coherent 
evaluation permits a calculation of the phase difference 
between receiving signals. The direction from which the 
scattered echoes are received is determined based on the 
phase difference. Now, once the distance and direction of an 
"obstruction" have been computed, its location in space can 
be determined as well. Said type of three-dimensional 
determination of a location with the help of a coherent 
radar system comprised of one transmitting antenna and two 
receiving antennas is generally referred to as "radar 
interferometry" and known since a long time. It is employed 
already for the generation of topographic charts with the 
help of SAR-systems installed on aircraft, for example by 
the DOSAR system of the firm Dornier GmbH. 



Reference is made in this connection to the following 
published documents pertaining to the further state of the 

art : 

(a) C.T. Allan, Review Article, Interf erometric Synthetic 
Aperture Radar, in IEEE Geoscience and Remote Sensing 
Society News Letter, September 1995, p. 6 ff ; 

(b) S. Buckreuss, J. Moreira, H. Rinkel and G. Waller, 
Advanced SAR Interf erometry Study, DLR Bulletin 94, 
June 10, 1994, Institut fur Hochf requenztechnik, 
Oberpfaf fenhof en. 

The entire prior art known to this date and the state of 
the art cited above, including the ROSAR principle on which 
the present invention is based, projects terrain elevations 
or other elevated obstructions in one plane, so that it is 
not possible to recognize the elevation of the given 
obstruction if the reproduced topography of the terrain 
present is unknown. However, a three-dimensional image is 
required for controlling flights. 

The present invention is based on the problem of 
proposing on the basis of the ROSAR principle measures that 
permit a quasi -three -dimensional image representation of 
terrain and other obstructions. 



Said problem is solved with the help of the measures 
proposed in claim 1 in a surprisingly simple manner. 
Variations and further developments of the invention are 
specified in the dependent claims, and an exemplified 
embodiment of the invention, which is sketched in FIG. 1, is 
explained in the description. In the drawing, 

FIG. 1 shows a schematic representation of an exemplified 
embodiment with respect to the typical geometry for an 
interferometric ROSAR system, 

FIG. 2 shows a block diagram of the exemplified 
embodiment according to FIG. 1, 

FIG. 3 is a perspective view of the state of the art with 
respect to the ROSAR principle. 

According to the general idea of the invention, the goal 
is to obtain in conjunction with a helicopter operating 
according to the ROSAR-system a quasi-three-dimensional 
radar image representation for flight guidance by 
associating with a transmitter located on the rotating 
rotary cross two coherent receiving antennas with receiving 
channels . 

The ROSAR-system employed heretofore is comprised of, for 
example 16 transmitters and receivers with their channels 



for obtaining a three-dimensional image. However, said 
transmitters and receivers have a directional inaccuracy of 
about 2.5°. Now, if said ROSAR-system, as mentioned above, 
is expanded by a highly precise coherent receiving channel, 
only one transmitter and two coherent receivers instead of 
the, for example sixteen transmitters and receivers employed 
until now will be required for obtaining the highly precise 
three-dimensional radar image. The directional inaccuracy 
found until now is enhanced by the interf erometric principle 
by about the factor 100. 

K This is explained in the following description of an 

EI | 

j| exemplified embodiment of the invention, which is sketched 

if 

,2 in FIG. 1. 

HI 

t{ A helicopter operating according to the ROSAR principle 

'"'4 

ftl flies over the surface of the earth at an altitude H. One 

I) "'i 

Cl transmitting antenna and two receiving antennas with 

in si 

associated coherent transmitting and receiving electronics 
are mounted on the end of the rotating antenna cross. The 
received echoes are amplified, digitized and processed 
further. 



The distance between said arrangement as described above, 
which is referred to in the following as the I NROSAR- system, 
and the impact point P, which is located at a relative 
altitude h, is referred to as R. The distance from the 
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antenna Al of the I NROSAR- system to the impact point P 
amounts to R + AR and is therefore by a small amount AR 
greater than the distance R to the antenna A2 . The 
difference AR between the two distances can be calculated 

based on the known wavelength X of the emitted radar signal 

and the measured phase difference Ac|> of the receiving echo 
of the two coherent receiving channels. 

Now, said phase difference A<|) of the receiving echo is 

in turn calculated based on the images generated by 
processing the receiving echo. Each of the two images is 
present in a complex, digital form, i.e. it comprises a real 
part and an imaginary part, or equivalent: the amplitude and 
the phase . 

Now, the phase difference Acj> follows up to a multiple of 

n (modulo n) through complex multiplication of the image 
points of the one image with the conjugated complex image 
points of the other image, and subsequent formation of the 
arctangent of the respective real and imaginary parts. The 

phase difference Acf> is obtained in this way, and by 
inserting Ac{) in equation 1, AR is then obtained. 



(!) 

The phase centers of the two receiving antennas Al and A2 
are removed by the length B, the so-called base line. The 
following results from the cosinus theorem and a few simple 

angle relations: 

cos (9) = (R + AR) 2 - R 2 - B 2 (2) 
2 -R • B 

After the sight angle 9 has been calculated in equation 

(2) , it is now possible to determine the relative altitude h 
as follows: 

h = H - R ■ cos (9) ( 3 ) 

The altitude h is actually not required in connection 
with the INROSAR system for representing the image dots on 

the graphics display screen, but only the sight angle 9 is 

used for calculating the coordinates of an impact point P on 
the graphics display screen. Furthermore, whether the angle 
of inclination of the antenna is known or not is unimportant 
as well because the representation on the display screen is 
only a relative representation of the image dots with 



respect to the vertical line in relation to the base line B 
of the two antennas Al and A2 . The representation of the 
image is in fact dependent upon the position of the 
helicopter, for example due to the pitching; however, the 
antennas of the INROSAR- system and the center of the image 
are always in a fixed relation to each other. The altitude h 
and the angle of inclination a of the antennas are only 
required if a topographical chart with an absolute altitude 
H of the area over which the aircraft is passing is to be 
generated with the help of said INROSAR- system. The formulas 
specified above are useful also for a consideration of 
errors, as will be explained in the following. 

The errors relevant to the INROSAR- system are the phase 
noise 8<f> and the change in the base line B between the phase 
centers of the antennas Al and A2 . The phase noise is 
composed of the sum of proportions of the different 
components. The greatest contributions are supplied by the 
transmitter, the receivers, the system timer and the noise 
of the A/D-converter . A typical order of magnitude for the 
entire phase noise 8<j) of an INROSAR -system amounts to 
approximately 5°. The change in the base line between the 
phase centers of the antennas Al and A2 may be caused, for 
example by heating due to the incidence of sunlight rays. 
0.001 m is assumed to be a typical value. The various 
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influences result in a scatter 8h of the altitude of the 
impact point P and thus in a scatter of the sight angle 50. 



X-R 

8h = » 8(f) 

47C-B 



(4) 



8h = -R • tan(0)- 



SB 



B 



(5) 



This results in scatter of the sight angle 88 as 



follows : 



80 = 



Sh 



arcsin 



(6) 



R 



In conjunction with an exemplified embodiment according 
to FIG. 1, the helicopter flies in the normal position, 
which means that the antennas Al and A2 are positioned 

vertically one on top of the other. Ar is determined based 

on equation (1) . The value of the measured phase difference 

A(|> of the echo from the antennas Al and A2 is ambiguous and 

can be determined only down to a value ranging between 0 and 



2n. Said ambiguity of 2n has to be determined by means of 

additional measurements. Suitable for said purpose is a 
transmitter/receiver complementing the INROSAR conception 
that is comprises a transmitting/receiving antenna that is 
sharply focussed in elevation and covers the lower range of 
the sight angle. The distance to the impact point on the 
ground can be clearly determined based on the receive echo 
because of the sharp focussing in elevation of said 
transmitting/receiving antenna. The INROSAR- system accepts 
sai distance as a basic value and calculates the further 
ambiguities based on the rising distance from the continuous 
phase transitions. The following calculation example 
supplies the detailed explanations. 

The calculation is based on the situation that the 
helicopter flies in its normal position. This means that the 
antennas Al and A2 are vertically arranged one on top of the 
other . 

The following parameters apply: 
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Parameter 


Meaning 


Value 1/Value 2 


H 


flight altitude of INROSAR 


100 m 


R + AR 


Distance between impact point P and 
antenna Al 


Example 1: 500.009 m 
Example 2: 500.09 m 


R 


Distance between impact point P and 
antenna A2 


500.00 m 


B 


Base line between the phase centers 
of the antennas 


0.15 m 


8b 


Error of length of base line B 


0.001 m 


8<|> 


Phase noise of the INROSAR system 


5° 



a Angle in inclination of antennas Al 90° (vertically) 



0 and A2 

A Radar wavelength 0.0090909 



From equation (2) follows: 

(R + AR) 2 -R 2 -B 2 ' 

8 = arccos | — / (7) 

2 • R • B 
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Example 1 



01 



arccos 



(500. 009 2 - 500. 000 2 - 0.15 2 ) 



2-500.000-0.15 




= arccos (0 . 05985) 
= 86.57° 
hi = 300-500. 00-cos(86. 57°) 
= 70.09 m 

Example 2 



= arccos (0 . 0599904) 
= 53.14° 
hi = 300 - 500.00-cos(53.14°) 
- 0 . 048 m 

From the equations (4) and (5) follows for the scatter 5h of 
the altitude h of the impact point P: 



9l = arccos 1 




0.00909-500.00 



§h§4> = 



(5°/57.3°) 



4-71-0.15 



= 0 . 21 m 



exactly: 0.210401168 m 
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Sh 5B = -500 . 00 • tan(53 . 14' 



0 .001 



0.15 



4.45 m 



based on (2) : 2.035 - 0.048 m 



This results in a scatter of the sight angle 86 as follows: 

Due to phase noise, S<|> = 5° : 
/ 0 . 21 

69 = arcsin! 

I 500 . 0 

= 0 . 02° ; 

and because of errors in the length of base line B by 6B = 
0 . 001 m 

4.45 

5<t> = arcsin ■ 

500.00 

= 0.5°. 

FIG. 2 shows a block diagram of the exemplified 
embodiment shown in FIG. 1. Said block diagram is equipped 
with the components required for the proposed 
interf erometric radar method and requires no further 
explanations for the expert in the field. 




Claims : 



1 . A method for the interf erometric radar measurement 
in conjunction with a helicopter operating in accordance 
with the ROSAR principle (Heli-Radar) , characterized in that 
two coherent receiving antennas with receiving channels are 
associated with a transmitter of the ROSAR system arranged 

on the revolving rotary cross; and that the difference (AR) 

in the two distances (R + AR, R) from the measured impact 

point P is calculated, in the manner known per se, based on 

the wavelength X of the emitted radar signal and the 

measured phase difference of the receive echo of the two 
coherent receiving channels. 

2. The method according to claim 1, characterized in 
that for representing the image dots on the graphics display 

screen in the ROSAR- system, the sight angle (0) is used for 

computing the coordinates of the respective impact point 
(P, Q) . 

3. The method according to claim 1 or 2, characterized 
in that the antennas (Al, A2) and the center of the image on 
the graphics display screen are in a fixed relation to each 
other . 
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Abstract 

It is proposed in connection with a method for the 
interf erometric radar measurement in conjunction with a 
helicopter operating in accordance with the ROSAR 
principle (Heli -Radar) that two coherent receiving 
antennas with receiving channels are associated with a 
transmitter of the ROSAR- system mounted on the revolving 

rotary cross; and that the difference (AR) between the 

two distances (R + AR, R) from the measured impact point 

P are calculated, in the manner known per se, based on 

the wavelength X of the emitted radar signal and the 

measured phase difference of the receiving echo of the 
two coherent receive channels. 
(FIG . 1) 
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^* " Le Patent and Trademark Office connected therewith, (List name and registration numbers): KURT KELMAN, Registration No^JiUi2&. 
ALLISON C. COLLARD, Registration Na22432; WILLIAM C. COLLARD, Registration No^J&iiJ, 
EDWARD R. FREEDMAN, Registration NqJ&Q48; , FREDERICK J. DORCHAK, Registration No^ 29,298, 
ELIZABETH COLLAfUD RICHTER, Registration No^35ll03 REINE H. GLANZ, Registration No. 46,728 




Sfnd Correspondence to: 



COLLARD & ROE, P.C. 
1077 Northern Boulevard 
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FULL NAME 
OF INVENTOR 


FAMILY NAME 

WOLFRAMM 


FIRST GIVEN NAME 

ARIBERT 


SECOND GIVEN NAME 
P. 


tr 


RESIDENCE & 
CITIZENSHIP 


CITY 

LANDSBERG 


STATE OR FOREIGN COUNTRY 

GERMANY t)f X 


COUNTRY OF CITIZENSHIP 

GERMANY 


1 


POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

GEIERSTRASSE 9 


CITY 

D-86899 LANDSBERG 


STATE & ZIP CODE/COUNTRY 

GERMANY 


2 


FULL NAME 
OF INVENTOR 


FAMILY NAME 

KT ATTSTNG 


FIRST GIVEN NAME 

HELMUT 


SECOND GIVEN NAME 


0 


RESIDENCE & 
CITIZENSHIP 


CITY 

WESSLING-HOCHSTADT 


STATE OR FOREIGN COUNTRY 

GERMANY D€X 


COUNTRY OF CITIZENSHIP 

GERMANY 


2 


POST OFFICE 
ADDRESS 


POST OFFICE ADDRESS 

AM DROSSEL 8 


CITY 

D-82234 WESSLING-HOCHSTADT 


STATE & ZIP CODE/COUNTRY 

GERMANY 



Direct Telephone Calls to: 
(name and telephone number) 
(516) 365-9802 



Thereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of the United States Code, and that 
such willful false statements may jeopardize the validity of the application or any patent issuing thereon. 
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